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A bstract. Abscission zone tissue of citrus was shown to have a higher rate of protein
synthesis than tissue distal or proximal to it. based on the incorporation of leucine-1-14C.
The proximal tissue had the slowest rate of protein synthesis. As the tissue approached
abscission, the rate of synthesis in the abscission zone decreased and the differences in rate
of protein synthesis between the 3 zones almost disappeared. IAA, which delayed abscission,
maintained the protein synthesis gradient between the abscission and proximal zones, but the
distal zone tissue was as active in protein synthesis as the abscission zone. Differences
in uptake of the leucine were also observed between different zones and treatments.
Regardless of the tissue or the treatment, there was a sharp increase in uptake at. the 24
hour point.

Direct incubation of abscission zones in IAA and gibberellic acid (GA) indicated that the
action of gibberellic acid on abscission is probably through a stimulation of protein synthesis,
while IAA seems to act by maintaining the existing rate of protein synthesis in the cells of
the abscission zone.

The potential of hormones such as auxin and
gibberell,in to act as effector sulbstances (5, 16)
th,at conitrol repression and derepression o.f different
pants of the genome and their involvement in
abscission control (2,12) led us to look at the
effect of these hormones on the rate of protein
synthesis in the tissue associated with abscission.
This paper demonstrates the biochemical distinctive-
ness with respect to protein synthesis of the ab-
scission zone from the adjacenit tissue.

Materials and Methods

Seedlings of sweet orange (Citrus sinensis,
Osbeck) were the source of ithe plant miaiterial used
in these experiments. Planits about 9 months old
were selected for uniformity of height, leaf color,
and leaf qutaliilty. The growing terminal was re-
moved so that only mature le-aves were tused. 'T'he
leaf blade and petiolar winigs were removed, leaving
a 4 mm 'porition of the leaf midrib (the debladed
midrib) aittached to the petiole (12). Preliminary
experiments showed no correlation between the
position of the deblialded midrib on the seedling and
the order in which they aibscised. Hormones to be
tested were dissolved in 0.1 At citrate buffer, pH 6.0,
and incorporated into an equlal vollume of 2 %
(w/v) agar. A 5 juliter dropleft of the agar gel,
containing the test compound was applied to the

1 Present address: Punjal) Agrictlltural University.
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distal eni,d of each explaant with a tuberculin syringe.
Con'troll plianits were treated with a simil,ar drop of
buffered 1 % (w/v) agar. Treated seed,l1ings were
reotained in the growth ch,amber in the dark at 250
and a relative hutmidcity of 60 % or higher.

Incorporation of L-leucine-1-'AC (specific ac-
tiviity 180 uc/mg) into the alcohol and oxalate
insolluble fraction w'as used ais a meialsure of the
ra'te of protein synthesiis associated wilth various
stages of abscission. In 1 series of experimnents,
abscission zone sections abouirt 1 mm thick were
incubated in 2 ml of 0.1 M phosph,aite buffer, pH 6.0,
containing the leuicine-1-_4C anid the hormone. In
the second series, the hormones were app-lied directly
to t-he debladed midribs on the sweet orange seed-
lings. At subsequent tilme intervalls, the rates of
proteiin synthesis of 1 mm tissue secti;ons from the
absoission zone, tthe proximiall zone or the distal
zone were determined 'by incuibating sections in the
buffer, containing leucine-1-1'C.

Incublaition, extraction, and isotope couniting pro-
ceduires were the same for all saimples. The labeledl
leuicine iniculbation was done in the dark at 300 for
3 hours in a metabolic shaker. Twenty-five tissue
sections were uised per vital and there weire 4 repli-
cation's of each trelatmen't. The conditions of incul-
bation were based on preliminary experiments which
showed good Ilineari,ty of letucine u!ptake and incor-
pora'tion for abouit 4 hours.

Art itihe end of the incubation periood, the incuiba-
tion mixture wia,s syphoned off, and the ti-ssue
sections were washed twice with 10 mil of ice-cold
distilled w,ater to remove the exterior leuicine. The
sections were then placed in boilinig 80 % (v/v)
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methanol for 10 minuites to stop enzymatic activity
and to remove absorbed but unincorporated leucine-
1-'4'C. The alcoholic extraction was repeated 3
times and the extracts pooled. Radioactivity in the
alcohol soluble fraction is referred to as "uptake"
in the results. The tissue was further extracted
in 0.5 % (w/v) ammonium oxaliate for 30 minuttes
at 1000 and waashed twice wilth distilled water to
removie pectin's and to insure thalt the amino acid
incorporation was not jutst amino acids bound to
pectin. No aippreciable coun'ts were ever detected
in the oxalate soltTble fraction.

The oxalate insoluble material was transferred
to a coutnting vial coitaining one-halff ml of di's-
ti'l4ed water and 5 ml of a solution containing 100 g
of naphithal'ene, 10 g of 2,5-diphenyl oxazole (PPO),
and 0.25 g of 1,4-bis [2-(metthyl-5-phenyloxxazdlyl)-
benzene] (dimethyl POPOP) per lliter of diox'ane,
and the radioactivity was measured in an Ansitron
liqurd scintilllation counter. This radioactivity was

taken as a measu,re of the incorporation of leucinie
into protein. These daita a-re presen'ted in the text
as tIhe percent of leucine incorporated into protein
and were calculated by dividing the counts in the
protein fraction by the sum of the coutnits in free

amino acids plus protein and muiltiplying by 100.
To insure thhat the counits measured in the alcohol

and oxamlte insoluble fraction represented the in-
eozpor&tion of leucine into protein, 3 experiments
were d-one: A) Increasing quantities of cold leu-
oine in the incubation mixture catused a propor-

on,al decrease in the incorporation of labeled
leucine. B) A soluttiion of 1 % (w/v) ftungall
proteaise in 0.1 M citrate buffer, pH 6.0, solulbilized
60 and 99 % of the radioactivity iin 24 and 40 houirs,
respectively. T.he incabation mixture was covered

wtth a layer of toluene to minimize bacterial in-
fe&ion. C) Folilowing acid hydrolysis in 6 N HCI
and freeze drying of the hydrolysalte, 90 % of the
radioacitiviity co-chTromatogrammed wiith leucine in
butanol, acetic acid and water (9:1:2.5, v/v) on

Wh4aman No. 3 paper.
AAfter coulnting, 'the tissue was recovered from

the scintilllatibon mixture, dried, and weighed. All
counits were based on the dry weight of ailcohol and
oxallate insoluble ti'ssue. This wa,s done for ease

of operation, as excessive hand1ing at the time of
preparation increased variability.

Results

Leucine-I-14C Uptake and Incorporation -into
Protein. The most strikiing change in utptake was

observed during the first 24 houtrs after deblading
(fig 1). Absoission zone tissue pl;aced in leuicine-
'4C at the time of deblading (zero time) took tup
611 cpm per mg of tissue in the free amino acid
fraction, btut the abscission zone from petioles which
had been debladed for 24 hours took uip 1765 cpm.

Seventy-two hours after deblad-ing, the rate of
uptake had retutrned to values approximating those

of zero time. The uptake pattern with time was
the same for tisstse from the di,sta!l and proximal
zones as observed for the albsci.ssion zonre; however,
the actual vallues were about 40 % less in the
proximal zone than in the other tw'o.

The change in ra-te of uptake (fig 1-3) due to
hormone treatmenit was noit evident at 24 hours,
but by 72 hou:rs the uptake pattern was different
for controll, GA, and IAA trea:ted tissue. GA
tireated 'tissue, whicoh was tihe closest ito time of
aibsoission (11), shiowed the least difference in
upitake between proximal, abscission and distal
zones (762, 867, and 686 cpm, respectively) while
IAA treajted tifssue, which would not abhsiise for
severail weeks (12), showecl low uptake values for
proximal and di.stall zones, 562 and 506 cpm, re-
spedtively, buit the absoission zone had the highest
valtue of any tissuie at this ti'me-1232 opm. The
GA trealtment consi.stentily accelerated abscitssion by
about 1 diay oompared with 'debladed controls, but
IAA delayed abscisslion by more than 26 days (12).

Rates of letucine incorporation into protein
showed several imiportant general differences. At
zero time the greatest rate of protein synthesis was
in the absciission zone; 56.3 % of the leucine taken
up was incorporated into proitein. Di,stall tissue
incorporated only 14.6 % and proximal tissue 2.2 %
(fig 1). .At the 24-hour point, regardless of treat-
ment, there was a small drop in rate of protein
synthesis in the absci'ssion zone and an increase
in both proximal and distal zones. In spite of these
changes, rates of protein syn'thesis remained highest
in the absoission zone and lowest in the proxima;l
zone.

Hormoonal effects on leuoine incorpora,tion were
not evident un(til the 72-hotur point. In the GA
tissue (ifig 2), the rate of protein synthesi's in the
abscission zone dropped s1harply; in the distal zone
i't dropped 'slightly, and in the proximal zone, it
increatsed. A's a 'result, the raite of protein synithesis
was almost the same in all 3 zones from GA treated
tissue after 72 hou'rs.

Contrdl midrilbs (-fig 1), which were alt least a
day fanthier from abscilssion than those treated with
GA, hiad rates of protain synthesi,s simmilar to the
GA in aibscission and diistal zones, buit 'lower than
GA in the proximal zone.

IAA (ifig 3) had the most striking effecit.
These petioles did nolt abscise fo,r several weeks and
their paittern of protein synthesits wa's qtti,te diffeTrent
than thiat fotund in petio-les approaching abscission.
The rate of protein synithesis in the albscission zone
remained high-49.5 % of the leuioine being incor-
poraited into protein. T,he -rate in the proximal
tissue remained low (11.4 %). The raite of protein
synIthesis in the distal tisstue rose to a valuie a-bout
the same as the absoission zone.

Iit woul]d appear that a relatively high raite of
protein synthesis in the abscission zone and low
rate in the iproximal zone is typical of a non-
abscising system.
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INDOLEACETIC ACID
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FIG. 3.
FIG. 1. (Upper left), 2. (Lower left), 3. (Above).

Protein synthesis by the proximal zone, abscission zone,
and distal zone of petioles of citrus leaves debladed for
the indicated periods of time. The open bar represents the
14C-leucine uptake. The closed bar is the 14C counts
incorporated into protein. Percentage values represent
the percent of all 14,C counits present in protein and
were calculated by dividing 14C counts in protein by the
14C counts in protein plus those in the ailcohol soluble
fraction X 100.

GIBBERELL N A3

0 24 72 0 24 72 0 24 72
Proximal Zone Abscission Zone Distal Zone

An experiment on rates of protein synthesis
assoctialted wiith dellayed applications of IAA empha-
sizes the relabionish,ip between raites of prdtein syn-
thesiis and absci'ssion. Pebioles were treated with
IAA 56 hours after debl'aldin'g. Sixteen hou,rs later
(72 hrs after deblading), the rate of protetin syn-
thessi?s was 'typical of thait shown for conitrol's at
72 hou,rs (fig 1). By the fifth day from deblading,
63 % of the IAA treated petioles had abscised.
Those that 'abscised were the ones irreversibly com-
mi'tted to abscilssion by the time the IAA reached
the absoission zone. The other 37 % were not
irreversibly committed, so IAA was able to arrest
the absciission process in these (12). On the nintth
day after deblading, the iintact petioles were sec-
tioned and incubated in Ileucine-'*C. Their rate of
protein synthesis was ty'picall of that seen for IAA
at the 72 hour point (fig 3). Therefore, even
though it seembd that protein synthesis hiad dropped
a,s if these petiodes were approaching abscission,
IAA coulid regtore those petidles which had not
passed some unknown point, 'to a non-abscising
Sta-te typi,fied by a hiigh rate of protein synthesis.

There is a possiibillity that changes in the nialtural
pool sizes of Jleucine account for most of the effects
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seen in this work. We have Inot stuidied this possi-
hility in sufficient (letaiil to s-ay it is of no impor-
tance, but prelliimi-ary data indicate no effect on
conclusions we have drawx n. There was quiite ain
increase in the level of free leuicine at the 48-rhour
point and correspon(ling (iroip in the percent of
leticine-11C inco,rporated. This increase in free
leucine ait 48 ho,urs did not seem to have any de-
pendence on the type of tisstue or treatment. Fututre
work willl4 be (lone oni leuicine an!d oither amino ac'i(ls
as they change with abscissioll.

Direct Incubation it Hormolnites. Direct inicuiba-
bi,on of the ahscission zone in gibberelliin (GA)
increiacsedl the rate of proteini synthesis hy almosst
40 % at the lowest concentrations teste(d (tabWe I).
As the G.N coincenitrationis increased, the rate of
protein syn,thetsis dropped until, at the highest con-
cenitration, it seemedl to be lower than observed in
control abscission zo-nes. GA did not affecit the
rate o,f letucine uptake as measured by 1'-C counts
in the 80 % MleOH.

Taible 1. 1 ffect of Gibbcrelic -lIcid (C oI) o tile
Incjt-orpora.tiojn of I4C Lcnt-bie inlto the.AbsCission

Zone During a 3 Houtr Inct-uib(ation

Oxalate insoluble material1
lncorporated xtracted
inlto proteill in M\eOH

Colic

of G \

tug/l
400
40
4
0.4
0.04

Coittrol

*e-mki/ng

508'-
685'
711'
900z
878z
645"

e-p mnI/nllg

537z
5347
4547
462z

474z
455z

Values within a columnii which 0do Inot have a coni-
mon letter are significantly different at the 5 % level.
Each value is a mcean of 4 indiv-idual determinations.

The effect of IAA on protein syilnthesis (table
II) in the absoission zone seemed to follow the
classical belil-shaiped cutrve for auxin action on roost,
stem and btud development (18). There was an

increased rate of synthesis up to abotut 40 ppm of
IAA, but the highest concentrati,on (400 ppm) re-

suilted in the lowest rate of protein syn-thesis for
any IAA concentration. The 400 ppm (2.3 X
10-3 M ) concentration signi,ficantly increased the
rate of leucine uptake over the control and all other
IAA trea)tments. This level of IAA seemed to
can,se effects biochemically- (listinot from the effects
seen for the other more physsiological IAA conceni-

trations.
Q uantitation of Uptake and Tranisport of IAA

and GA . To estimalte the amotint of hormone
entering the abscission zone in direct incubation
complared with the amiouinit entering when (lebla(led
mlidribs were trelated on the seediling, a s4tudy -was

done wvfith IAA-1-'4C ( 183 c/mg) andG 'H

Tblae 1I. Effc-t of II(io/e l cetic -leci(d (IA.A ) oil th
Incorporation of 14C1 Lenc-ioc i11to the, Abscissio'

Zone Dutring a 3 Hour Incubation

Ox-late insoluble materiall
Incorporated Extracted
into protein in AMeOH

Conic of

} 1)0/1
400
40
4
0.4
0.04

Control

c-Il/In11,
383'
6617
639z
588'
580'
441 x"

(-1l/7lmuJ
7157
371'
331'
406'
344,
416'

Values within a coltlumn w hich (1o niot hiave a CoII1-
miion letter atre significantly different at the 5 %
level. Each val-ue is a meani of 4 individual deter-
minations.

(60 ,tc/mg). Based onl radioactive counts, the
amotinmt o f IAA and the amoun(t o,f GA found in
the abscission zone of debladed m(idribs treate(d with
1 jfg of hormone was abouit the same as the amou1nt
found there followring direct incubation in 0.04 to
0.4 pipm ouf the corresponding hormoie.

The couints p)resent in the tissue were not veri-
fied as stilil beinig associated wxit1h the corresponding
hormoone, so the actulal amotint of hormone tranis-
portedl to the abscission zone may he lower thani the
couits inidcicate(l but it w01ouild not be aniy higher.

Discussion

A factor in thuis data which complicated uin(ler-
standiing was the (direct effect of leaf remov al on
the biochemistr) of the enitire petiole. Regardless
of the treatmenit, wibthin 24 hours, there were large
c1hanges in the uptake capacity and rates o,f protein
synithes,is in the distail, abscis.sion, and proximal
zones. These changes may be a woutinding response,
they may resul't from the decrease in photosynthate
stupply duie to leaf removal, o,r they may be (Idue to
an increase in the petio,le or root supplied materials
whic,h the leaf wouild normally receive. (TThese
petioles were still attachedl to the plant.) PBecauise
of the differences in uptake, incorporation onf 14C-
leucline wxas expressed -as a percent of total liptake.
If 14C-leuCcine is con!sidered strictly as total counts
per mintute incorporarted regardless o,f uptake, most
of the conclusionis woulld be the same, but the,re are
2 notable excel)tions. In the abscission zone at
24 hours for all treatments, total coilnts per minutlte
incorrporate(l doubles at 24 hours coml)ared to zero
tiie hbit the percent incorpora-ttion (leclines sllightlv.
The TAA treatei(l listal tisstie at 72 hours sh4ows a
doubling over the analagouis treatment at 24 houlr'
by percent uptake btut little change as total count'
per minute incorporate(l. It xwill not be kiuowii
which of these concluision,s is physiologriccally cr-rect
uintil niore is known abouit the sv stleni conlltrot-(llingi
lptak-e and incorlporationl.
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One of the striking features of these data, with
or wi-thout the leaf removail effect, was the distinct
di fference in rates of leutcine 'uptake and protein
synthesiis among sections of itissue froim ffistal,
abscission, and proxim,all zones. The absoission
zone was clearly di!stinct from the other tissues in
its initial rate of protein synthesis. Maintenance
olf a sharp difference in tuptake and protein syn-
thesis between the abscission and proximal zones
seemed to be typical of n'on-abs'cising tiissue. Tissue
close 'in time 'to abscission seem'ed to be typified by
little, if any, difference beitween uptake and protein
synthesis in the 3 zones. Similar differences have
been 'suggested by others. Biggs and Leopold
(3, 4) stuggested thait the primiary action of auxiin
was on the abscission zone itseltf, anid that proximal
and distall tissue only 'affect the in'tensiity of action.
Osborne (15) 'and Yager (19) reported gradiients
of pectin metihyl esterase (PME) activity across
the abscission zone in in-tact ti,ssue and noted that
PME activity in the absciossion zone decreased as
absc'ission approached. In Osborne's system, when
PME aotiv,ity was hig1her in the petiole than the
a'bsciission zone, absci,ssion followed. LaMotte et al.
(11) observed simillar changes in PME during
abscisssion. Addicoltt (2) concluded that GA acted
directly on the absoission zone. A1lthouigh the
present status of understanding does not allow u1s
to assign specific functions in absc'ission control to
different tissue zones, it does seem clear that there
are sharp differences in the biochemistry of tissue
from proximal throuigh abscission to distal zones.
Perhaps gradient (1, 2) and concentration (4, 10)
theories should be reexamined in the light of this
niaturalily existing biochemical gradient.

How gibberellin accelerates and auxin retards
the absci'ssion process relative to the biochemical
gradient is the fundamental question. From the
experimenlts where the abscission zones were incu-
bated wEith the hormone plus labeled leucine, iut was
clear that low levels of GA (0.04-0.4 ppm) stimu-
late protein synthesis. The same low concentrations
of IAA did not significantly stimullate protein syn-
thesis. According to the experiments with labeled
JAA and GA, the application of 1 jug of either
hormone to the cuit end of the debladed midrib
sLtlpplie,d abou-t the same amount of hormone to the
absoission zone as direct incubation in 0.04 to
0.4 ppm of the corresponding hormone. Since 1 ,g
of GA accelerates abscission and 1 ,,g oif IAA re-
tards abscissi'on, it was concluded that tihe GA
acceleration depends on an increase in the rate of
protein syn!thesis while the IAA delay (le'pen(ls
primarily on a maintenance of the existing enzyme
systems wvith little or no increase ini the rate of
protein synthesis. In Ithis tissule the acitioni of GA
cannot be ascribed to an increase in ethylene pro-
duction since 1 jug o.f GA does nioit cause any in-
crease in ethylene production over controls of
citrus leaf explants. Houwever, 1 iug of IAA doe;s
cause an1 increase in ethylene production in citruis

explants (13). In the direct incubtation studies, the
levels of IAA at 4 ppm and abo-ve were sufficien'tly
high to act via eithylene production, butt theise were
incuibated for onily 3 hours whicih seem's too short
for an ethylene, effect (6).

Edelman and Halil (9) demonstraited a sys1tem
wiith inveiltase in artichoke tuiber djisks which may
be anal(agous here. They showed thalt GA enhanced
DNA dependent invertase activity and that IAA
reduced the amount of inverltase acitivity. They
reasoned that auxin repressed the genes for inver-
tase formation, whille GA derepressed them. It is
well established that GA induces de novo synthesis
of a-amylase and several other hydrolytic enzymes
(7, 8, 19, 20), all of which could be important in
absoission. Therefore, it seems logical that GA
could accelerate absci'ssion by inducing or increasing
enzyme synthesis.

It mlay be more difficult to accept that IAA
prevents albscission by maintaining the coll as it
was, i.e., not allowing the abscission and/or senes-
cence enzymes to be activated. Such a riole for
auxin has been indicated by other woirkers. Siacher
(17) showed that in the 'absence of exogenous auxin,
20 % of the RNA in excised bean pod tissue wvais
degraded in 15 hours and then DNA and r'ibosomal
protein degradation began. He concluded that the
primary effect of auxin in preven'ting senescence
was to maintain the level of RNA. Osborne (16)
also presented evidence thiat 2,4-D could retard
senescence in Pruitis leaves by maintaining levels
of proteins in aging leaves. Ockerse, Siegel, and
Galston (14) reported the appearance of an eighth
peroxidase isozyme as dwarf pea tissue aged. The
appearance of the isozyme in exci'sed sections was
repressed by IAA. Yung and Mann (22) demon-
strated that Barban could inhibit GA action in
inducoing a-amylase synthesis and they concluded
that B,arban inhibits the onset of changes, bu't it
does not inhibit on-going 'processes. It has been
shown (12) that Barban inhibits the abscission
aceelerating effect of GA btt i,t does not alter the
IAA retardiing effeot. Therefore iit seems that
IAA delays 'abscission of debladed midribs by moain-
taining the celil in its pre-debladed state.
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